NHE1 activity contributes to migration and is necessary for proliferation of human gastric myofibroblasts.
Aims
Our primary objective was to characterize the acid/base transporters of cultured human gastric myofibroblasts and to search for a connection to cell function.
Materials and methods
The study was approved by the Ethics Committee of the University of Szeged, Hungary (study number 12/2006). All patients gave infomed consent. Gastric tissue specimens were collected intra-operatively from patients who underwent gastric tumor resection or from multiple organ cadaver donors.
Then specimens were cultured to establish monolayer myofibroblast cultures and they also were analyzed histologically. The cultures were stained for myofibroblast markers with immunocytochemistry.
The resting pH i , basic acid/base characteristics, the buffering capacity and the acid/base transporters of the human gastric myofibroblasts (HGMs) were then investigated with microfluorometry using pHsensitive dye and a specific sodium/hydrogen exchanger (NHE) inhibitor. 5 We used RT-PCR, immunocytochemistry and immunoblot analysis to show isoforms of NHE.
Migration and proliferation assays were utilized to examine the connection between NHE activity and migration-proliferation of HGMs.
Statistical analyses (Students' t-test or ANOVA) were applied to test significance of results. Results were considered significant at p<0.05.
Results

Morphology of the myofibroblasts and purity of HGM cultures
We histologically processed the same gastric samples from which we took of our specimens to investigate myofibroblast morphology. We showed increased number of myofibroblasts, disordered cell morphology and damaged cyto-architecture in the samples from gastric cancer compared to the normal tissue. We also showed that the purity of our HGM cultures was ~100%.
Investigation of acid/base transporters with microfluorometry
Our experiments showed that the resting pH i of HGMs in standard HEPES solution was 7.09 ± 0.02.
We found using ion withdrawal techniques that an active Na + -dependent H + -efflux mechanism is present in HGMs indicating the 6 presence of NHEs. In HCO 3 -/CO 2 -containing solutions, we showed certain pH regulating mechanisms indicating the presences of the Na + /HCO 3 -cotransporter (NBC) and the anion exchanger (AE). The above findings were confirmed by using the ammonium pulse technique. We also determinded the buffering capacity of HGMs. Our data suggest that NHE and NBC are very active in HGMs.
Next we focused on NHEs and charcterized the functional acitivities of NHE isoforms using selective NHE inhibitor HOE-642. Our data indicate that NHE1 is responsible for about 85% of the Na + /H + exchange activity, whereas NHE2 activity is around 10 % and the remaining NHE activity is approximately 5 %.
Then we investigated the effects of insulin-like growth factor II (IGF-II) and carbachol on the activities of NHEs. Importantly, both IGF-II and carbachol dose-dependently stimulated NHE activity. 10 µM carbachol had the greatest effect on NHE activity (two-fold increase).
100 ng/ml IGF-II was more effective (one and a half-fold increase) than 10 ng/ml in increasing NHE activity.
mRNA and protein expression of NHE1-3
Based on the results of the functional measurements, we investigated the presence of NHE transporters at the mRNA and protein levels.
RT-PCR confirmed the expression of NHE1, NHE2 and NHE3. We also analysed the expression of NHE isoforms in HGMs by Western blot. We found that NHE1 is present in HGMs, but we were unable to 7 show NHE2 and NHE3 expression. Using immunocytochemistry, we demonstrated NHE1-3 localization to the plasma membrane of HGMs.
IGF-II increases proliferation in an NHE1-dependent manner
Finally, we tested the effects of HOE-642, IGF-II and carbachol on HGM proliferation. Ethynyl deoxy uridine incorporation assays showed that 100 ng/ml IGF-II increased cell proliferation over twofold. Carbachol and/or HOE-642 did not affect proliferation.
However, NHE1 inhibition by 1 µM HOE-642 completely blocked the stimulatory effect of IGF-II on cell proliferation.
TGFβig-h3 restrains tumor growth in vivo
We showed in our parallel work (article related to the subject of the thesis II.) that proliferation of gastric myofibroblasts is even more Our results contribute to the better understanding of the epithelial and tumor microenvironment and may have further significance in the future of targeted cancer therapy.
